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(57) Abstract 



The clearance between a seal assembly (48) and a turbine wheel (16) in an engine of the type having a radial outflow com- 
pressor (24) and a radial inflow turbine (16) is minimized by forming the seal assembly (48) in part out of a plurality of segments 
(74) disposed in a circular array and which are relatively movable but sealed to each other. The thermal stress in the segments (74) 
will be less than m a single ring resulting in an extended life before the onset of cracking and eventual mechanical failure 
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SEGMENTED SEAT, PLATE FOR A TURBINE ENaTNP 

Field of the Invention 

This invention relates to turbine engines, and more 
particularly, to seals utilized to isolate the compressor 
and turbine sections of turbine engines having radial 
outflow compressors and radial inflow turbines. 

Backgrou nd of the Invention 

In many turbine engines of the type utilizing radial 
outflow compressors coupled to radial inflow turbines, the 
compressor and the turbine wheel are located in back to back 
relationship for compactness. Usually, an annular, narrow 
• space exists between the two for thermal isolation purposes. 
That is, the space is provided to prevent undue quantities 
of heat from being transmitted from the turbine wheel to the 
compressor as a result of heating of the turbine wheel by 
hot gases of combustion. 

While the space achieves such an -objective, it -presents 
a difficulty in that it must be sealed to prevent the flow 
of compressed gas from the compressor side of the machine to 
the turbine side of the machine through such space at the 
interface between the rotor and the stator of the machine. 
Further, the sealing of such space should be such that the 
seal itself does not transmit unduly large quantities of 
heat from the turbine side of the engine to the compressor 
side. 

To solve this difficulty, it has been conventional to 
provide an annular seal made up of two components. A first 
is a forward seal plate which is secured by any suitable 
means to the engine stator on the compressor side thereof 
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and which extends into the space between the compressor and 
the turbine into almost touching relation to the boundary of 
the space at its radially inner extremity. This seal plate 
holds down passage of gas from the compressor side to the 
turbine side of the engine to some desired amount (fre- 
quently, a small amount of gas passage is preferred to 
provide for some rotor cooling) . However, it is not capable 
of preventing heat transfer from the turbine side of the 
engine to the compressor side. 

In order to minimize such heat transfer, prior art 
seals additionally include a -so-called diaphragm which is a 
relatively thin, ring-shaped piece of metal which is mounted 
on a forward seal plate near its radially outer periphery 
and extends radially inwardly therefrom to have its radially 
inner edge suitably mounted to the seal plate. The main 
body of the diaphragm is spaced from the seal plate thereby 
establishing an air pocket between the two which severely 
impedes heat transfer from the turbine side of the engine to 
the compressor side. 

During engine operation, extremely high temperatures 
are generated at the turbine side of the engine. "As a 
consequence, the seal plate and the diaphragm are subjected- 
to thermal cycling and the diaphragm in particular experi- . 
enc.es significant thermal growth in the process. Further- 
more, there is a substantial thermal gradient radially 
across the seal assembly. These two factors result in 
distortion of the diaphragm during various operating condi- 
tions and will cause cracking leading to eventual failure. 
In order to prevent such distortion from resulting in - 
interfering contact between the turbine wheel and the - 
diaphragm, the clearance between the two must be kept - 
relatively large. And, of course, utilizing a relatively 
large clearance increases the leakage flow path between the 
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turbine and seal plate. The natural result is, of course, 
increased leakage and decreased operational efficiency of 
the machine. 

The present invention is directed to overcoming one or 
more of the above problems. 

Summary of t.hP Tnvention 

It is the principal object of the invention to provide 
a new and improved turbine engine. More specifically, it is 
an object of the invention to provide a turbine engine of 
the radial discharge compressor—radial inflow turbine type 
with an improved seal plate whereby clearance between the 
seal plate and the turbine may be minimized to reduce 
performance losses. 

An exemplary embodiment of the invention achieves the 
foregoing object in a turbine engine including a radial 
outflow, rotary compressor and a radial inflow turbine 
wheel. Means couple the compressor and the turbine wheel in 
slightly spaced, back to back relation so that the turbine 
wheel may drive the compressor. A housing surrounds the 
compressor and the turbine wheel and a stationary seal is 
mounted on the housing. The stationary seal extends into 
the space between the compressor and the turbine wheel and 
includes a main sealing and support section adjacent the 
compressor and an insulating section adjacent the turbine 
wheel and mounted on, but generally spaced from, the main 
support section. The insulating section comprises a plural- 
ity of segments disposed in a circular array and angularly 
movable with respect to each other together with means 
sealing adjacent segments to each .other. 

As a result of the foregoing, the necessary air pocket 
for thermal isolation is provided but the segments are 
permitted to grow thermally in the circumferential and 
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radial directions. Because they are movable with respect to 
each other, the thermal growth may be accommodated without 
distortion and clearance at the turbine wheel may be 
absolutely minimized. 

In a preferred embodiment, the segments are generally 
pie-shaped and the sealing means between the same comprise 
tongue and groove connections. 

In a preferred embodiment, the segments are mounted to 
the . main section by means that additionally permit thermal 
growth in the radial direction. 

The thermal growth permitting means also comprise 
tongue and groove connections. 

In a preferred embodiment, means are located on one of 
the main section and the housing for limiting angular 
movement of the segments on the main section. 

In this embodiment of the invention, the limiting means- 
may comprise radial slots in at least some of the segments 
along with pins in the slots. The pins are carried by 
either the main section or the housing as desired. 

In a highly preferred embodiment, each of the segments 
xs a laminate including a layer facing the turbine wheel and - 
a support sheet oppositely thereof. 

As alluded to previously, the sealing means comprise 
tongue and groove connections and where the segments are 
laminates, one side edge of each support sheet may be 
utilized to define a tongue and the other side edge of each 
support sheet along with the turbine wheel facing layer may 
be spaced from each other to define a groove. 

In a highly preferred embodiment, the support sheet in 
turn is made up of two layers, one of the layers being in - 
abutment with the turine wheel facing layer and defining the 
tongue and the other layer of the support sheet being spaced 
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from the turbine wheel facing layer and defining a wall of 
the groove. 

Other objects and advantages will become apparent from 
the following specification taken in connection with the 
accompanying drawings. 

Description n-F the Drawing s 

Fig. 1 is a sectional view of a gas turbine engine made 
according to the invention; 

Fig. 2 is an expanded, fragmentary sectional view of 
the stator-rotor interface of such engine; 

Fig. 3 is a plan view of an assembled seal plate made 
according to the invention; 

Fig. 4 is a plan view of a segment utilized in the seal 
plate; and 

Fig. 5 is an exploded view of the segment. 

Description of the P referred Embodiment 

An exemplary embodiment of a gas turbine engine that - 
may be provided with a seal plate according to the invention 
is illustrated in Fig. 1 and is seen to include a stationary 
housing, generally designated 10. Joumaled within the 
housing for rotation about an axis 12 is a rotor, generally 
designated 14. The rotor 14 in turn is made up of a radial 
inflow turbine wheel 16 having a hub 18 and blades' 20 
located to receive hot gases of combustion directed radially 
inward by an annular nozzle 22. The rotor 14 further 
includes a rotary compressor 24 including a hub 26 and 
peripheral blades 28. The turbine wheel 16 and compressor- 
24 are coupled together by any suitable means including, for 
example, a pin 30, for conjoint rotation. it will be 
observed that a radially inward directed, annular space 32 
exists between the turbine wheel 16 and the compressor 24. 
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During operation, the air from an inlet 34 to the 
machine is compressed by the blades 28 and directed radially 
outwardly through a diffuser 36. Compressed air is then 
passed through an annular plenum 40 which surrounds an 
annular combustor 42. Air is admitted to the interior of 
the combustor 42 as is well known combined therein with fuel 
injected by injectors 44 to produce gases of combustion 
The combustor 42 includes an outlet in fluid communication 
with the nozzle 22. 

To seal the area between the diffuser 36 and the nozzle. 
22 as well as the space 32, a seal assembly, generally 
designated 46, is utilized. The seal assembly 46 may be 
mounted on a part 50 of the housing by conventional means. 

Addressing Figs. 2 and 3, each seal assembly 46 may be 
seen to be made up of three basic components. The first is 
a forward seal plate 60 which is ring-like in configuration 
^and whxch is disposed on the compressor side of the -engine 
The forward seal plate 60 is the component that is mounted 
to the housing 10 and which mounts the other two components 
of the seal assembly 46. An axially opening, peripheral 
groove 62 at a radially outer extremity of the forward seal 
plate 60 may receive a seal 64 to seal against the housing 
part 50 which preferably is part of the diffuser 36. 

At its radially inner extremity, the forward seal plate 
60 .mounts an inner seal plate 66. The two may be secured 
together in any suitable fashion but their interface should 
be sealed. The inner seal plate 66 is also ring-like and 
includes a radially inner, circular edge 68 which is in 
close proximity to the interface of the rotor 16 and the- 
compressor 24, that is, the radially inner boundary 70 of 
the space 32. 

At its radially outer edge, the inner seal plate 66 
includes a radially outwardly opening groove 72. 
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The third component of the seal assembly 22 is a 
plurality of segments 74 arranged in a circular array as 
seen in Fig. 3. The segments 74 may be regarded as somewhat 
pie-shaped or even trapezoidal with arcuate major and minor 
bases. The segments 74 are mounted to the seal plates 60 
and 66 on the turbine side of the engine near the radially 
outer periphery of the turbine 16. 

In a preferred embodiment, each segment 74 is made up 
of a three layer laminate. one layer 80 faces and is 
immediately adjacent the turbine wheel 16. Two other layers 
82 and 84 constitute a support sheet and as can be seen from 
Figs. 4 and 5 they are offset from one another. Generally, 
though not necessarily, the layers 80, 82 and 84 will all be 
made of the same material to avoid the generation of stres- 
ses that are associated with thermal growth of different 
materials which may have differing coefficients of thermal 
expansion. In addition, the total arc length of the corres- 
ponding segments is never equal to 360" although that number 
is approached. As a consequence, and as seen in Fig. 3, the 
side edges 8 6 and 88 of the layer 8 0 do not touch 'each 
other, allowing for thermal growth in the circumferential 
direction. The same relationship holds true as . between the 
side edges 90 and 92 of the layer 82 and the side edges 94 
and 9 6 of the layer 84. 

As can be determined from Figs. 4 and 5, the radially 
inner edges 98 and 100 of the layers 82 and 84 respectively 
are aligned. Similarly, the radially outer edges 102 and 
104 of the layers 80 and 82 are aligned while the radially 
outer edge 106 of the layer 84 extends radially outwardly 
past both of the edges 102 and 104 and may include a cen- 
tral, radially outwardly opening slot 108. 

The side edges 8 6 and 96 of the layers 80 and 84 are 
aligned as are the side edges 88 and 94 of those layers, m 
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contrast, the side edge 92 of the layer 82 is angularly 
recessed from the edges 86 and 96 while the side edge 90 of 
the layer 82 extends angularly past the edges 88 and 94. 

As a result, a circumferentially opening groove is 
located on the right hand side of each of the segments 74 
and a circumferentially projecting tongue 112 is defined by 
that part of the layer 82 along its left hand edge as viewed 
m Figs. 4 and 5. The tongue 112 is sized to be slideably 
received in the recess in the adjacent segment and essenti- 
ally seal the interface between the two. 

The lower edges 98 and 100 of the layers 82 and 84 are 
slideably received in the groove 72 in the inner seal plate 
66 to provide a seal at that location as well. Finally the 
radially outer edge 106 of the layer 84 may abut an axial 
face 114 (Fig. 2 ) on the forward seal plate 60 to seal at 
that location as well. 

By forming the forward seal plate 60 to be slightly 
concave on its surface 120 facing the turbine side of the 
engine, a dead air insulating space or pocket 122 sealed in 
the manner mentioned previously is provided. 

Pins 124 mounted to the forward seal plate 60 may be - 
disposed in the slots 108 to limit movement of -the segments 
74 in the circumferential direction so that they do not all 
bunch up" at one location on the ring assembly while 
allowing thermal growth of the segments 74 in the radial 
.direction. Of course, it is not necessary that .all- . of the 
segments 74 be provided with slots 108 for the pins 48 

It will be readily appreciated that a seal assembly 46 
made according to the invention utilizing the segments 74 
permits circumferential expansion of that boundary of the - 
dead air space 22 facing the turbine side of the engine. 
The tongue and groove connection at the bottom edges of the 
segments to the inner seal plate 66 and the" pinned 
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connections at the upper end thereof also provide for 
expansion in the radial direction. The tongue and groove 
connection to adjacent segments accommodates thermal growth 
in the circumferential direction thereby relieving hoop 
stress and eliminating the resulting cracking. Because the 
side of the seal assembly 46 facing the turbine side of the 
engine is broken into two sections, i.e., the section 
defined by the segments 74 and the section defined by the 
inner seal plate 66, and the two sections are relatively 
movable with respect to one another, distortions due to 
thermal gradients in the radial direction are likewise 
avoided. As a consequence, the clearance between the layer 
80 and the turbine wheel 16 may be minimized thereby 
reducing the size of the leakage path between the turbine 
and seal plate thus increasing engine efficiency. 
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CLAIMS 

1. A gas turbine engine comprising: 
a radial outflow, rotary compressor; 
a radial inflow turbine wheel; 

means coupling said compressor and said turbine wheel 
in slightly spaced, back to back relation so that said 
turbine wheel may drive said compressor; 

a housing surrounding said compressor and said turbine 
wheel; and 

a stationary seal mounted on said housing and extending 
into the space between said compressor and said turbine 
wheel, said seal including a main sealing and support 
section adjacent said compressor and an insulating section 
adjacent said turbine wheel and mounted on but generally 
spaced from said main support section; said insulating 
section comprising a plurality of segments disposed in a 
cxrcular array and angularly movable with respect to each 
other, and means sealing adjacent segments to each other. 

2. The gas turbine engine of claim 1 wherein said 
segments are generally pie-shaped and said sealing means . 
comprise tongue and groove connections. 

3. The gas turbine engine of claim 2 wherein said 
segments are mounted to- said main section by means - permit- 
ting thermal growth in the radial direction. 

4. The gas turbine engine of claim 3 wherein said 
thermal growth permitting means comprising tongue and groove 
connections . 
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5. The gas turbine engine of claim 1 wherein said 
segments are mounted to said main section by means permit- 
ting thermal growth in the radial direction. 

6. The gas turbine engine of claim 1 further including 
means on one of said main section and said housing for 
limiting angular movement of said segments on said main 
section. 

7. The gas turbine engine of claim 1 wherein each of 
said segments is a laminate including a layer facing said 
turbine wheel and a support sheet opposite thereof. 

8. The gas turbine engine of claim 7 wherein said 
sealmg means comprises tongue and groove connections, one 
side edge of each support sheet defining a tongue, the other 

. side edge of said support sheet along with said turbine 
wheel facing layer defining a groove. 

9. The gas turbine engine of claim 8 wherein said - 
support sheet is made up of two layers, one of said layers 
being in abutment with said turbine wheel facing layer and 
defining said tongue, the other layer of said support sheet 
bemg spaced from said turbine wheel facing layer and 
defining a wall of said groove. 

10. The gas turbine engine of claim 1 further including 
means on one of said main section and said housing for 
limiting angular movement of said segments on said main 
section, said limiting means comprising radial slots in at 
least some of said segments and pins in said slots, said 
Pins being carried by one of said main section and said 
housing. 
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11. A gas turbine engine comprising: 
a radial outflow, rotary compressor; 
a radial inflow turbine wheel; 

means coupling said compressor and said turbine wheel 
in slightly spaced, back to back relation so that said 
turbine wheel may drive said compressor; 

a housing surrounding said compressor and said turbine 
wheel; and 

" a stationary seal mounted on said housing and extending 

into the space between said compressor and said turbine 
wheel, said seal including an annular forward seal plate 
adjacent said compressor, an inner seal plate mounted on 
said forward seal plate at the radially inner edge thereof 
and an insulating section adjacent said turbine wheel and 
mounted on said forward seal plate -and said inner seal plate 
xn axially spaced relation to said forward seal plate, said 
insulating section comprising a plurality of plate-like 
segments disposed in an interlocked circular array with 
edges of said segments slideably and sealingly engaging both 
said plates and each other. 

. .12. The gas turbine engine of claim 11 where iiTeach of 
said segments has side edges and tongue and groove con- 
nection at said side edges. 

13. A gas turbine engine comprising: 
a radial outflow, rotary compressor; 
a radial inflow turbine wheel; 
^ means coupling said compressor and said turbine wheel - 
xn slxghtly spaced, back to back relation so that said 
turbxne wheel may drive said compressor; 

a housing surrounding said compressor and said turbine 
wheel ; and 
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a stationary seal mounted on said housing and extending 
into the space between said compressor and said turbine 
wheel, said seal including an annular forward seal plate 
adjacent said compressor, an inner seal plate mounted on 
said forward seal plate at the radially inner edge thereof 
and an insulating section adjacent said turbine wheel and 
mounted on said forward seal plate and said inner seal plate 
in axially spaced relation to said forward seal plate, said 
insulating section comprising a plurality of plate-like 
segments disposed in a circular array, each segment includ- 
ing at least one mounting layer and an insulating layer with 
the insulating layer facing said turbine wheel, said layers 
being slightly offset from one another so that corresponding 
side edges of said mounting layers overlap and slideably 
abut opposite side edges of said insulating layers, the 
total arc length of said respective layers approaching, but 
not attaining, 360- so as to allow thermal growth in the 
circumferential direction. 
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